Abstract What can design do to address adverse life events like childhood cancer? Cancer is not just a health matter-it strains family relationships and profoundly disrupts the stability of everyday routines. In this article, we introduce a socio-ecological perspective that untangles the systemic complexity of the challenges families face when confronted with childhood cancer. We use this lens to identify potential design opportunities for reconfiguring a "new normal" in their lives. We present and discuss the results of a participant observation of childhood cancer survivors at a large support group conference. These findings we analyze and organize into five themes corresponding to specific coping strategies: accepting the transformation of one's body, avoiding avoidance, maintaining interest in social activities, retaining a sense of belonging to one's social networks, and dealing with social stigma. These themes reveal opportunities for design innovation in sensitive settings that traverse the fields of interaction design, developmental psychology, and pediatric oncology.
Introduction
Disruptive life events, such as a serious illness, can significantly change a family's everyday routine and put stress on relationships among family members. 1 Childhood cancer, for example, confronts families with an uncontrollable situation that carries with it considerable uncertainty about the future. 2 In this article, we look at childhood cancer as a disruptive life event capable of generating high levels of stress and anxiety during hospitalization and at home, and therefore of undermining a family's existing routines and relationships. 3 The severity of the illness, pain, medical procedures, and the specter of invasive or frightening treatments elicit stress and anxiety. 4 Childhood cancer can be traumatic for the entire family. 5 Immediately after diagnosis, the family unit faces an onslaught of bewildering and often frightening demands they must learn to manage. Not only do parents have to attend to the child's physical well-being, but also to his or her fears regarding invasive medical procedures that can generate significant distress (even after treatment) and also possibly try to alleviate the fears and concerns of their other children. The situation may lead to posttraumatic stress symptoms (PTSS) 6 including intrusive thoughts, arousal, and hypervigilance in every family member. 7 Therefore, reducing medical traumatic stress experienced by sick children and their families during and after treatment is vital to ensure the success of medical treatment, reduce adverse psychological reactions caused by the overall experience of the illness, and increase self-esteem and trust in the future. 8 If we truly wish to understand how to address the disruption caused by cancer, every member of the family must be part of the discussion. 9 Family-centered perspectives that have emerged in the field of developmental psychology see families as interdependent, self-regulating systems 10 where each member influences the others. 11 These multiple, reciprocal, proximal influences have been studied using a developmental systems approach, notably through the lens of Urie Bronfenbrenner and Stephen Ceci's bioecological model, which was inspired by Bronfenbrenner's ecological systems theory. 12 The model aims at improving the understanding about the conditions and processes that influence human development, by showing how a child's inherent qualities and the characteristics of external environments and proximal processes interact and influence his or her lifespan over time. 13 The model depicts this complex environment as a series of five nested interactive systems 14 (Figure 1 ). The child sits at the center of the model, including his or her biological and psychosocial characteristics. Moving from closest to the child to furthest away, we find 1) the interpersonal level, which includes the child's interactions with close people such as family members, classmates, teachers and caregivers; 2) the organizational level, including the interrelations among the microsystems that the developing child finds him or herself in, such as family, school, hospital; 3) the community level, which includes interrelationships within the wider social system the child is embedded in and any social factors influencing their interaction; and 4) the sociocultural level, which represents the cultural values, customs, and laws governing inhabitants in the child's immediate geographical context; and, lastly, 5) the time level, the temporal dimension representing change and consistency in the characteristics of both the child and the child's environment. 15 Despite its widespread prominence, only a handful of clinical research projects-in cancer support; 16 cancer education, 17 violence prevention; 18 health promotion; 19 childhood food and nutrition education, policy, and management; 20 and childhood chronic illness product development 21 -have opted to utilize this model.
When disruptive life events occur, they greatly affect the interactions among these nested systems. 22 Family members-part of the closest system layer-can play a crucial role in promoting adaptation to the change in circumstances and, together, can enable all concerned to more easily cope. 23 Technologists and designers Michael Massimi, Jill Dimond, and Christopher Le Dantec call these efforts to adapt to and cope with uncontrollable events "finding a new normal." 24 Their fieldwork led them to conclude that individuals and families affected by life disruptions tend to seek out a "reconfigured lifestyle" by constructively making use of "tenuous and emerging social groups and resources." 25 There is some existing work by design researchers seeking to support lifestyle reconfigurations innovatively, for instance in the case of a loved one's death. One set of proposals seeks to enable those in mourning to quietly communicate with others, share their grief discretely, and commemorate the deceased's life and passing, and also presents approaches to creating technology-based heirlooms. 26 Other researchers have explored how design can help families better navigate divorce by facilitating communication between family members. Still others have explored how technology can help women reestablish intimacy in relationships and rebuild their lives after domestic violence by using photography as a tool to express and represent ongoing tension. 27 Validated models and studies from the field of psychology 28 can help designers gather insights from the field, frame their data, and generate design ideas that will engage users in innovative, strategic, and tactful ways. 29 To us, Bronfenbrenner and Ceci's model can help designers describe, analyze, and deepen their understanding of the roles and interdependencies of routines and relationships in family life. By applying this understanding to the life disruption design process, designers are more likely to grasp how to turn everyday products into enablers of whatever new normal the users are adjusting to.
This article presents the findings gathered during participant observation of the 6th European Childhood Cancer Survivor (CCI) meeting. This explorative work was conducted to gather first-hand insights into the experiences of childhood cancer survivors and their family members and the challenges they face. In the results section, we describe and organize our findings using Bronfenbrenner and Ceci's model and the emerging coping strategies that occur at different systemic levels. Based on these results, we argue for a socio-ecological approach to design innovation in sensitive settings. This approach emphasizes the social aspects that emerge from context analysis using Bronfenbrenner and Ceci's model and derives potential directions for design that address not only the child in his or her biological and psychosocial aspects, but also the whole family as system of social relations. We will also propose and analyze the benefits and limitations of this contribution to the literature. In our conclusion, we present avenues for future research and design directions for innovation in the context of childhood cancer.
Childhood Cancer and Psychosocial Cancer Care
The term childhood cancer refers to diagnoses of cancer in individuals between the ages of 0 and 18. Common types of cancer in this age range are leukemia and brain tumors. 30 When families are confronted with the possibility of childhood cancer, the medical aspect of the diagnosis typically has five phases: pre-diagnosis, diagnosis, treatment, follow-up, and the late-effects screening phase. We will briefly sketch out some of the stressors families encounter and the changes they are likely to make in their everyday routines as they adapt to each phase.
The pre-diagnosis phase is a short or long period of concern and insecurity about the child's health. The diagnosis phase includes the stressful and frightening medical examinations and emotional shock of a cancer diagnosis. 31 From that moment on, concerns related to the diagnosis permeate every aspect of the family's existence. They must develop a realistic understanding of the considerable implications-for both child and parents-arising from diagnosis and treatment. 32 The whole family feels powerless and anxious, and stress creates tensions between family members. Parents have to find some way to explain what is happening to the child or deal with their child's mix of anger and sadness if he or she is old enough to understand the impact of the illness. They will also have to divide their attention between the sick child and his or her siblings to avoid their feeling neglected or becoming jealous, 33 while also dealing with the stressor of making decisions about beginning treatment, and even possibly consider taking part in study randomization for new treatments. 34 Entering the treatment phase generates a big change in a family's everyday routines. At this stage, learning to deal with the effects of medical treatment is a significant source of stress. Chemotherapy usually starts shortly after diagnosis. The child rapidly comprehends what cancer treatment is about-painful medical procedures, sickness from chemotherapeutic agents, possible fatigue from radiotherapy, and side effects such as hair loss. 35 Parents have to organize regular hospital visits and make them fit with their work schedules. They also need to find the time to take care of domestic tasks, and in the case of larger families, care for the other children. Treatment also disrupts the sick child's and siblings' school attendance and engagement in hobbies and sports. 36 Beyond such practical issues, chemotherapy can lead to mood swings, feelings of isolation, and difficulty communicating with the family. 37 Sick children find it difficult to share their worries with their parents, and their parents don't want to show weakness to their children.
There is a tremendous transition in care when treatment ends, and this can be very stressful. Children and parents receive a lot of support, from a multidisciplinary team, during the length of the treatment phase. However, once treatment ends this guidance diminishes, and families find themselves with the urge to regain control of their lives. 38 The main challenges associated with this follow-up and late-effects screening phase are handling uncertainty about the future and considering life after cancer. 39 Families need to move on and look to the future but are faced with the threat of a possible relapse. 40 Sick children go back to school-where they have probably fallen behind-or, if older, must prepare for their future careers. Medical check-ups become less frequent, and life slowly gets back to normal. At this stage, survivors fully realize how they have changed, and must learn to accept the effects generated by the treatment on their bodies. Almost all children and adolescents who have been successfully treated for cancer have to deal with negative health outcomes. 41 They may develop health problems as result of treatment-second cancers, cardiac conditions, brain tissue degeneration, endocrine problems, and infertility, for example-but also suffer cognitive or social disadvantages in terms of academic achievement, finding a job, a partner, and finding insurance coverage. 42 Since many of the sources of stress that develop during this long journey cannot be controlled, 43 coping strategies play an important role in supporting the emotional adjustment of everyone concerned. 44 Coping strategies are balanced reactions to stress that enable families to tolerate, minimize, accept, or ignore what cannot be mastered. 45 Emotion-focused coping strategies are directed towards regulating effects surrounding a stressful experience, and problem-focused coping strategies seek to tackle the problem causing the distress. 46 Patients or families who show the ability to adapt to stress and cope with a threatening situation develop resiliency 47 -the capacity to quickly recover after stress. Understanding the emotional and behavioral reactions and coping strategies of families in the throes of disruptive life events will help designers create more appropriate and beneficial products and services-ones that support the family's emotional adjustment and strengthen its resiliency.
Method: Participant Observation of Childhood Cancer Survivors
Researchers have used different research methodologies in the context of childhood cancer and chronic diseases. Researchers typically carry out data collection and analysis of how children with cancer and their families deal with their condition via questionnaire, semi-structured interview, focus group with parents and caregivers, and direct patient participation on online platforms. Another method, based on the change management approach called Appreciative Inquiry, involves interviewing other stakeholders who may be involved-for example, people who educate families on how to deal with challenging situations. 48 In the field of design, probes, inclusive strategies, and elicitation methods including corealization have been introduced to investigate and describe sensitive contexts and vulnerable people. 49 In these cases, design researchers develop and manage longterm relationships and engagement with participants starting from the sensitizing phase before the study, throughout the study, and after. 50 This enables them to collect deeper and richer data, and also to actively engage the participants so that they understand the value of their help throughout the life of the project. 51 New approaches in clinical research apply creative techniques and sensitive tools that help researchers to empathize with patients while investigating therapeutic outcomes. For example, Meghan Marsac and her colleagues used toy puppets and card decks to ask patients to evaluate how they perceive their disease and treatment. 52 Similarly, Jens Nygren and his colleagues used participatory design approaches to develop a model that can guide interventions aimed at promoting children's health by involving patients, parents, caregivers and other stakeholders directly. 53 Given the work that has been already developed in the domain and the approaches that already exist, here we explore the topic of childhood cancer by looking at how families with children in treatment can be tactfully supported outside of clinical contexts. Our findings are based on participant observation of 28 childhood cancer survivors at a large support group conference with 99 participants from 23 countries. The first author carried out data collection by immersing herself in the context to observe and note down observations, anecdotes, and participants' opinions, rather than conducting interviews, proposing questionnaires, or organizing co-design sessions. By maintaining a moderate distance, she expanded her understanding of the context and learned how to interact with the participants without the risk of overwhelming them. 54 The second and the third authors collaborated with the first author on the data analysis, and the fourth and fifth authors helped the first author to theoretically frame the research within the context of childhood cancer. In this article, the word "we" acknowledges the collaborative efforts of the authors to frame and discuss the research. For the sake of consistency, we will use "first author" when discussing the fieldwork conducted among the conference participants. 55
Procedure

Establishing Rapport and Addressing Ethical Concerns
During an international 3-day conference, the first author carried out participant observations with childhood cancer survivors and their families. The annual Childhood Cancer International Europe Regional Meeting (CCI) 56 is a conference that promotes mutual learning and information exchange among representatives from European cancer survivor groups and parental associations. The choice to participate in this event was motivated by a need to document how families and children coping with childhood cancer openly describe the main difficulties and obstacles they face. 99 people from 23 countries participated in the CCI meeting. The assembly comprised mainly survivors, parents, medical professionals, and cancer associations. The conference was attended by 28 cancer survivors in total, which included boys and girls from 12 to 35 years old. Some of them already knew each other, and others were new. English was the common language used during the whole event.
The population of interest for the present research was children in treatment for cancer between the ages of 0 to 18 years old and their family members. Some parents joined the event, but the survivors group differed from the population of interest for the age range and the phase of their cancer condition. However, most of them had been cured of cancer during their childhood. The event provided the first author with the chance to get acquainted with different perspectives on the topic-an opportunity that would otherwise have been considerably more difficult to arrange with families undergoing treatment. Therefore, given the occasion created by such a public event, the authors agreed that it was a valuable resource for preliminary observation data.
To obtain consent to conduct the observation, the first author got in contact with one of the childhood cancer parents associations participating at the conference. This association was also involved in the overall research project as a partner. After introducing the aim and protocol of the research, she was invited to join the event by a member of the parents association. Before the conference started, she received written consent from the organizers to conduct her observations at the conference. Later on, at the plenary opening of the meeting, she introduced herself to the audience, explained the purpose of her presence, and explained that she would be keeping track of conference events by taking brief notes. One of the event organizers addressed the entire audience to ask if everyone consented to have the researcher at the conference and if anyone wanted to be included in the observations. The researcher obtained verbal consent and agreement by all the audience members. At the end of the event, she was also granted permission to use the materials produced by the conference organizers, including photos, videos, and presentations, but only for the purposes of analysis. 
Researcher Participation
During the conference, the first author maintained a discrete presence. She joined the presentation sessions and the survivors' workshop. Besides attending the formal event, she also shared coffee breaks and meals with the participants, engaging in informal conversations. On day three, the conference organizers planned a workshop for survivors. The workshop revolved around three topics: helping survivors recognize late effects and changes after treatment; providing information to hospitals and caregivers about how to organize follow-up clinics and keep track of a patient's history after his or her treatment is completed; and defining future guidelines for associations to connect survivors from different countries and identifying strategies to get them involved. Before the workshop session, the organizers asked the 28 cancer survivors again if the first author was allowed to join and if they wanted to be included in her observation notes. After a private consultation among the organizers and survivors, she was welcomed into the room where the workshop took place, and they gave their verbal consent once more. The activities alternated between discussion, brainstorming, and outlining key action points. The first author sat close to the group to observe but did not intervene. During the warm-up session, the participants introduced themselves by describing their character and favorite hobbies, and by giving details about their cancer experience. After that, the participants were invited to choose one of the three topics of the workshop to brainstorm about possible opportunities. During and after the workshop, the conference facilitators recorded testimonies from the 28 survivors on video, giving them the opportunity to share their impressions and experiences. The videos were screened at the closing event of the conference to the entire audience.
Data Collection, Narrative Analysis, and Analysis Validation
The first author immersed herself with the group of participants for the entire three days of the conference. She noted down behaviors, emotions, and thoughts in context and at the moment when individuals experienced them. 57 She paid particular attention to respecting participants' limits and used a sensitive approach that enabled them to share their feelings without judgment or interruption. 58 Showing empathy, especially during the sharing of personal life details, was central to enhancing her connection with the participants. She carefully documented the experiences shared by parents and survivors, details of events that happened during the conference, summaries of each formal presentation, and informal conversations. Given the sensitive nature of the context, she chose not to use an audio recording device. She transcribed and eventually anonymized the notes she took during and after the conference for use later during analysis. The conference organizers took pictures during the final presentations at the workshop. In addition to the data produced by the first author, and the video documentation produced by the conference organization, other analysis materials included: a conference newsletter published after the conference summarizing the meeting's key insights, photos and conference presentations published on the event website, and four video clips where one of the survivors participating in the conference together with other three young patients treated in the same hospital, creatively enact their vision of the cancer experience.
The first author analyzed the aggregated data gathered from the notes using a narrative inquiry approach, and so this article will not present actual quotes from the participants. 59 This approach seemed suitable for the context of this investigation because it can capture the emotion in the moments described, convey the meaning communicated by the participants, and clearly summarize the ways individuals organize and derive meaning from events. 60 The first author organized the data and removed irrelevant and redundant elements. She then listed the content and clustered it into themes. 61 The second and third authors reviewed and discussed each theme. To clarify the essence of each theme and reach agreement, the three authors framed them as a description of a specific challenge faced by the participants. This included a general definition of the challenge, information about the context and the stakeholders involved, the effect and complications the challenge generates, and the emerging coping strategies as results of that effect. 62 Afterwards, the three authors synchronically arranged the themes according to the levels in Bronfenbrenner and Ceci's model. When all three authors had concluded the analysis, the first author shared the results with the conference association members who had invited her to the conference and one of the workshop facilitators, and invited them to provide feedback to validate the analysis.
Results: Learning from the Shared Testimonies of Cancer Survivors
Based on the results of the observations and informal talks conducted at the CCI meeting, five themes illustrating the experiences and coping strategies that cancer survivors and their families adopted during and after treatment emerged: accepting the transformation of one's body; learning to avoid avoidance, which can paralyze a family; maintaining interest in social activities, to reignite a sense of hope and optimism; retaining a sense of belonging to one's social networks, an important resource whose role and use can change dramatically during a life disruption; and dealing with the social stigma surrounding cancer, which can hinder survivors from engaging with normal, everyday life (Figure 2 ). Each theme reveals specific features representative of the coping strategies adopted at each level of Bronfenbrenner and Ceci's model, starting from the center where the child is positioned (Figure 3) . The time dimension is intertwined with the other levels, and therefore no theme relates to it specifically. The themes together represent an overall summary of the main concepts mentioned by survivors, parents, and professionals present at the conference. 
Themes and Coping Strategies
The Individual Level: Accepting the Transformation of One's Body
Being treated for childhood cancer causes bodily changes that children, and especially adolescents, have to learn to accept. Some of these changes are temporary, such as hair loss and weight gain, but sometimes the damage caused by the cancer itself can be permanent-an amputated limb as a result of bone tumor or hearing loss and attention deficit as a late effect of cancer treatment. According to some of the survivors, these bodily changes can severely undermine a person's selfconfidence. During and after treatment, patients must reevaluate their strengths and learn to see themselves in a new light. In the literature, bodily changes are classified as uncontrollable factors that, if not taken into consideration, can lead to feelings of "helplessness and anxiety." 63 The experiences shared during the conference highlighted that, for the patients, working on one's self-esteem during cancer treatment can help strengthen a sense of confidence. Survivors explained how important it was to work on accepting limitations to their mobility due to muscle weakness and bone fragility caused by treatment and also learn to control their diet and regimen to regain energy. Clinical professionals participating at the conference pointed out that teenage patients especially must learn to reevaluate their bodies in relation to their peers in healthy ways, so they can have the confidence to approach others and start new relationships. They may also need to be informed about the consequences that the treatment will have on their ability to become parents. All the participants said it was important to encourage children in treatment and survivors to reflect on their bodies, feelings, and emotions to help them create awareness of themselves in the world, find the motivation they need to pursue their goals, and establish healthy relationships with others more effectively.
The Interpersonal Level: Avoiding Avoidance
When a child is diagnosed with cancer, his or her family members can also experience feelings of vulnerability and powerlessness. As reported by parents during 
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Larger social system, school and peer groups,... the conference, dealing with the unexpected is frightening, and being faced with the possibility that the child might suffer or even die is extremely stressful. According to the literature, family members share a sense of responsibility towards each other, and not being able to maintain control over that sensation can generate feelings of self-doubt and self-anger. 64 The parents and survivors said that although sharing feelings with each other is difficult, sharing helps everyone to cope with the stressful emotions and creates a constructive family environment where everybody has an equal right to ask for help. Children have the right to express their pain and sadness, and parents have the right to show and talk about their insecurities and fears. Therefore, finding ways to support ongoing communication seems vital for families in this context.
The experiences shared during the conference highlighted that families need support if they are to avoid avoidance-they need help dealing with difficult topics and emotions. The conference participants talked about how social media helped them share their feelings with family members. When direct, face-to-face communication felt daunting, indirect and mediated communication through screens and text messages seemed to make it easier for family members to talk. The survivors and parents agreed that there are many ways to help family members talk about difficult issues and that, in general, they preferred to use the same communication channels that people use in everyday life. During the proceedings, they intimated and sometimes expressed a need to find ways of sparking conversation even when the situation involves difficult topics.
The Organizational Level: Maintaining Interest in Social Activities
Childhood cancer can seriously undermine hope and optimism as the situation deepens in severity and becomes possibly life threatening. The conference participants explained that when they feel well, they take pleasure in what they are doing-they are interested in and motivated by life in general. They engage in leisure activities and hobbies and do fun things together with family and friends. According to the participants, these kinds of activities can help them bolster their sense of hope and optimism. 65 In particular, they said laughter and engaging in fun activities were effective ways for survivors and family members to overcome feelings of uncertainty. 66 For instance, the survivors joked about the severity of their cancer by debating which type of cancer was the "coolest." The parenting association organizers reported that a high number of families joined summer camp initiatives to foster motivation in their children, help them bond with new friends, and involve siblings more directly.
The experiences shared during the conference highlighted that engaging in social activities, reinforcing family bonding, seeing how other people are dealing with the same problem, and keeping spirits up is important for families to instill hope and better cope with the emotional challenges accompanying childhood cancer. Cancer treatment can last a long time-anywhere from months to yearsand participants appeared to truly benefit from focusing on the present and enjoying simple daily experiences together. Gently being reminded about the small, positive things in life might be a way to prevent defensive behaviors and the feeling of being neglected.
The Community Level: Retaining a Sense of Belonging to One's Social Networks
During cancer treatment, the social landscape surrounding the family changes. The psychological impact of cancer and the resources it demands intensify family bonds and increase the search for fresh sources of input. The participants confessed that it was harder to maintain contact with friends and everyday life events because of frequent hospital visits and their friends' difficulty comprehending the situation. Some parents and survivors explained that their friends or close relatives just wanted to forget or avoid talking about the experience. The uneasiness that the children and their family members feel when trying to broach the topic of what is happening limits their actions, and the disconnect leads to feelings of frustration and loneliness. 67 However, during the conference, the participants did highlight two ways their social networks were expanding or becoming more consolidated. Some explained that their network had begun to include not only doctors, nurses, and fellow patients facing the same problems, but also new institutions, environments, and associations offering safe harbor throughout the cancer journey. They suggested creating a group chat that could unite new friends together during hospitalization, for example, to enable people sharing a similar trajectory in life to keep in contact. Other participants noted that social media helped families to challenge limitations in mobility associated with cancer and also re-establish contact with old friends. Parents and teenage survivors presented blogs they used to update friends outside the hospital during cancer treatment or share their experiences with children in treatment and their families in other countries.
The Sociocultural Level: Dealing with Social Stigma
The participants stated that, for most people, cancer still carries a social stigma. In spite of the medical information available on the topic and continually improving clinical outcomes, they explained that some parts of society find it difficult to perceive cancer as curable-or even as a viable topic of conversation. Some people still have difficulty saying the word "tumor" or "cancer" out loud. According to the survivors and the parents, people do not know how to broach the topic of severe illness diagnosis, a treatment for which the final outcome is uncertain, and the long term effects that may emerge. The uneasiness coupled with the long duration of the condition often pushes people away, 68 frightens them, creates misunderstandings, and elicits pity, effectively isolating the sick child and his or her family. All the participants agreed that people in general harbor misconceptions about cancer and are not accurately informed about the disease. Even after treatment, when patients have been cured, in certain contexts-at school or work, or at sports practice for example-people may still perceive them as needing special attention. For instance, one conference participant working as an English teacher in an elementary school revealed how important it is for professionals working in educational contexts to learn how to communicate with children in treatment while they are in school, and explain to their classmates what is happening in a careful, respectful, and understandable way.
The survivors communicated that once cured, they just wanted to go back to their normal lives. But, here too, social stigma can inhibit them, and in the long run, that limitation can lead to depression. 69 In line with that need to express themselves and be treated as cancer-free people, during the conference the survivors used pictures, videos, and graphics to express and visualize what they were going through. One of the facilitators, who was also member of the survivor community, proudly introduced her way of reinventing herself and her position in society: a website and fashion blog she developed to start her career as youth influencer. Her presentation afforded the audience with a valuable example-she demonstrated how the experience of cancer did not stop her from reaching her career goals, cultivating her interests, and showing society how normal life can be after cancer. These examples show that it is possible to educate others about cancer, break down the stigma surrounding it, and enable survivors and their families to re-appropriate their lives in any way they wish. 
Discussion: Towards Socio-Ecologically Informed Design for Sensitive Settings
The results reveal that cancer, a truly disruptive life event, has contemporaneous impact on several levels-personal, interpersonal, familial, and societal. In this section, we discuss how design practice in sensitive settings can be informed and enriched by applying insights from the healthcare domain, explore opportunities that emerge from this collaboration, and consider the benefit of introducing design as a lever for innovation in healthcare.
A Socio-Ecological Perspective to Introduce Design Practice in Sensitive Setting
The conference participants shed light on the emotional burdens they carried and the tumultuousness of living through changes that had altered their sense of normal life and attested to the importance of reestablishing this normality. 70 The findings reveal that, beyond advanced medical treatments and psychosocial support, families and children who are experiencing (or have experienced) childhood cancer are looking for everyday ways of tactfully leveraging their internal resources innovatively. 71 Supporting families' internal resources means supporting relationships and social interactions among family members. 72 To inspire designers' and design researchers' thinking about potential forms of support for family relationships and social interaction in light of the insights provided by Bronfenbrenner and Ceci's model, let us look at the context from a broader, socio-ecological perspective that brings these social dynamics to the fore. Design cannot influence the child's biological condition or the physical side effects generated by the treatment, but it can work on the proximal social elements that influence his or her normal development by supporting and nurturing the resilience of the entire family. Focusing on the family as a whole means creating opportunities to support the personal growth of each member-by empowering them to be more supportive of themselves and one another when needed; finding ways to keep relationships alive and maintain them; and raising their awareness about their strengths so they can harness these as resources for the future. 73
Socio-Ecologically Informed Design Opportunities
Interesting design concepts can potentially address family needs at different systemic levels. 74 However, for a solution to be effective in the short term-and have a direct impact on the family's well-being-it should be designed to work within the child's immediate environment at the levels of self and family (in Bronfenbrenner and Ceci's model, these are levels 1 and 2). The design should encourage and inspire family members in a tactful, personal, and attentive way. According to our findings, children with cancer and their family members use communication and social engagement as recurrent coping mechanisms to help them relax and remain optimistic. 75 To shape designs capable of appropriately facilitating these coping processes and carefully invite and enable families to develop the skills they need to recreate a normal family life, we suggest that designers introduce these coping mechanisms into their design solutions. 76 First of all, to reestablish normality, any design initiative should foster positive thinking, which is an important element in cognitive behavioral interventions. 77 Moreover, communication keeps a person apprised of what others are doing and at the same time offers a way of bonding. 78 It follows that interactive product designs may be a sensitive way to encourage family members to openly talk to each other. Finally, simple everyday interactions and rituals can be a distraction for the family and also stimulate a child's development and curiosity. 79 Sharing special moments together is key to maintaining healthy connections among family members, because family life is based on shared routines and habits. Therefore, bespoke products could be a means of gently helping those families to keep doing things together. 80 
Design as a Lever for Healthcare Sector Innovation
We used knowledge from the field of developmental psychology, especially Bronfenbrenner and Ceci's model, to inform our research into the childhood cancer experience and help us better organize the complexity it presents. 81 We do believe, however, that just as design research can benefit from knowledge coming from the healthcare domain, psychosocial cancer care-and health care research and practice more broadly-can benefit from our findings. By detailing opportunities for action in the field and introducing alternative approaches to establishing rapport with vulnerable populations, design research can provide valuable alternatives for actors in sensitive contexts. 82 Design can support novel ways of conducting research and intervention projects. 83 Design can also work as a lens through which experts from multiple fields can look at the same context and understand each other. 84 Design can pinpoint areas of intervention for people experiencing life disruptions by seeking out their opinions in less standardized ways. 85 And finally, designers can create interactive products that can also be used to help researchers and professionals engage and empathize differently with children and their family members. 86 
Benefits and Limitations
Although the observation process was quite challenging for the first author, the experience enabled her to gather compelling and detailed real-world data that would have been difficult to obtain otherwise. After becoming better acquainted with the topic by reading the literature and holding meetings she had with clinical experts, she gained first-hand experience with the overwhelming nature of the context. 87 At first, she felt as though she was invading what appeared to be a close-knit, private network. The community seemed to have its own rules and dynamics. For instance, most of the survivors were used to introducing themselves with their name followed by the type of cancer they had. This way of identifying themselves demonstrated how differently they engaged in any form of conversation with strangers at the event. Internal dynamics such as these indirectly impacted the first author's conversational sensibility throughout the whole event. In fact, during every interaction, she was indirectly reminded of how challenging the everyday life experience of the survivors was compared to her own. Therefore, even if the participants felt comfortable talking about their conditions, she painstakingly chose her words during every single conversation to avoid sounding impolite or intrusive.
Involving more researchers, and researchers with different backgrounds, to perform the data collection could have had perhaps both positive and negative outcomes. On one hand, the data collection would have been performed by multiple subjects and therefore objectively validated in the field. Furthermore, multiple researchers could have supported each other in overcoming personal inhibitions due to the sensitive topic. For instance, the presence of researchers with a psychology background, would have been supportive for a researcher with a design background as designers could perhaps be less equipped for when emotional or stressful situations arise. On the other hand, the presence of more researchers at the same event could have been perceived as overwhelming and intrusive or also altered the participant's engagement and comfort level during the conversations. The participants would have needed to build trust and learn to feel at ease with an entire group of new people external to the cancer community, and adapt continuously to a different level of sensitivity and empathy in each exchange with the different researchers.
This event was a valuable opportunity to gather information about the childhood cancer experience that was beyond the clinical data provided by experts or found in the literature. This approach did not place families and their children under the focus group spotlight or ask them to undergo long personal interview sessions. The researcher stepped out of her comfort zone instead, and in so doing demonstrated her willingness to earn acceptance into their tight community. 88 To gain their trust, she had to clarify and explain her purpose and be completely transparent about herself. Knowing that the survivors' perceptions and responses may very well have been different with another person, we chose to ask the conference association members and workshop facilitators for feedback regarding our analysis.
In this way, we hoped to acknowledge any potential bias and further validate our findings. Finally, it is important to note that this exploratory work was conducted among survivors of childhood cancer, including family members, volunteers, and clinical professionals. The authors are aware that this population does not necessarily reflect the demands of children currently undergoing treatment, and the unmet needs of their families in general. In fact, we found that cancer survivors and their parents had quite different recollections of how they experienced coping with cancer. This implies the necessity of considering the individual characteristics and behaviors of survivors and their families to help interpret their past experiences. Future research would benefit from the participation of families that are currently in treatment for childhood cancer and of children in the age range of interest.
Contribution and Future Work
This research was based on qualitative data collected by observing and engaging with childhood cancer survivors and their families at a large support group conference. In this article, we have categorized the experiences they shared into five challenges that together create a picture of the complex personal and familial challenges of coping with childhood cancer: accepting the transformation of one's body, avoiding avoidance, maintaining interest in social activities, retaining a sense of belonging to one's social networks, and dealing with social stigma. The five themes also describe coping strategies that emerge when people deal with stressful disruptive life events. 89 We have matched them to the levels of a model we adopted from developmental psychology to better articulate their interdependencies and associations with levels of individual, familial, and social experience. Although medical studies on psychosocial support in childhood cancer have used this model before, to the best of our knowledge no other study has used this model to explore design opportunities for novel and sensitive forms of support that both address the population's unspoken needs in a tactful way and address the family collectively. Our main contribution is an understanding of how insights from developmental psychology can help to simplify and disentangle the complexity of a sensitive context. This preliminary inquiry also serves to frame a new perspective from which to identify design opportunities that can profoundly and effectively address the needs of the family system in its parts and as a unit.
We expect that the field of design can add to the support and sense of empowerment felt by these families and, more generally, provide a lever for innovation in sensitive settings. With these initial reflections in mind, we would like to see designers developing designs capable of nurturing the family as a whole and also involving families directly in the design feedback loop. The optimism that we wish to promote can be stimulated by introducing playful and yet tactful products that capture the interest of different family members and spur their interactions. We believe that future work in line with the socio-ecological perspective we have explored here is relevant and broadly applicable to other contexts where disruptive life events cause dysfunction within families. We also believe that there is much opportunity for innovation in the way that vulnerable populations are engaged. Interaction design can be used to tackle disruption through approaches that ask different disciplines to collaborate. In terms of pediatric oncology, for example, such methods will enable design and technology experts to better understand how best to strengthen family ties and empower families to explore and create their new normal. In light of our findings and these conclusions, we authors have already begun to design interventions for families dealing with childhood cancer.
